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TheAMP-stimulatedprotein kinase regulates epithelial polarity under conditions of energydepletion byphos-
phorylating the myosin regulatory light chain. In this issue of Developmental Cell, Mirouse et al. demonstrate
that dystroglycan andperlecan, an extracellularmatrix receptor and its ligand, help localizemyosin regulatory
light chain, making it available for phosphorylation by AMP kinase in response to energy stress.The tasks of defining, maintaining and
defending the composition of the body’s
inventory of internal compartments all
fall to its contingent of polarized epithelial
cells (Muth and Caplan, 2003). The cells’
ability to become and stay polarized
suggests that they detect physical cues
from their environments and respond to
these cues by creating the structural and
functional asymmetries that characterize
the polarized state. These cues derive
primarily from contacts that each cell
makes with its neighboring cells and with
the extracellular matrix. The establish-
ment of these contacts initiates a cascade
of events involving activation of protein
kinases and the assembly of protein
complexes, which together ultimately
lead to the demarcation and construction
of the apical and basolateral domains of
the plasma membrane.
Until recently, little was understood
about the molecular components that
integrate these cues and transduce their
messages. The discovery that the activity
of the LKB1 kinase is necessary and
sufficient to induce polarization of both
mammalian andDrosophila epithelial cells
suggests that LKB1 plays a central role in
these signaling processes (Baas et al.,
2004). LKB1 is a master kinase that phos-
phorylates and modulates the activities
of at least thirteen downstream effector
kinases (Lizcano et al., 2004). The adeno-
sine monophosphate stimulated protein
kinase (AMPK) is one of these effectors,
and data from several studies suggest
that it is a key contributor to the polarizing
influence of LKB1 (Lee et al., 2007; Mir-
ouse et al., 2007; Zhang et al., 2006;
Zheng and Cantley, 2007). As its name
implies, AMPK is activated when cellular
levels of AMP rise, which usually occursunder conditions of cellular energy deple-
tion. How does a kinase that responds to
cellular energy depletion fit into the
scheme that controls epithelial polariza-
tion? The paper by Mirouse et al. (2009)
in this issue of Developmental Cell reveals
a new and interesting aspect of the
solution to this question.
Mirouse et al. have previously shown
that mutation of the gene encoding
AMPK leads to loss of polarity in
Drosophila epithelia subjected to energy
stress (Mirouse et al., 2007). Lee et al.
have found that myosin regulatory light
chain (MRLC) is a key substrate for
AMPK phosphorylation in the polarization
of Drosophila epithelia (Lee et al., 2007).
Expression of a mutagenized phosphomi-
metic form of MRLC can suppress the
loss of epithelial polarity phenotypes
associated with mutations in the genes
encoding either LKB1 or AMPK. In the
current paper,Mirouse et al. (2009) identify
another participant in the AMPK pathway.
In a series of clever and elegantDrosophila
studies, they demonstrate that dystrogly-
can, a basolateral transmembrane protein,
is a critical component of the pathway
through which AMPK activity preserves
polarity in the face of energy depletion.
Dystroglycan is a receptor for the extracel-
lular matrix component perlecan. Disrup-
tion of perlecan expression also results
in a loss of epithelial polarity in energy
depleted cells, strongly suggesting that
dystroglycan and perlecan function
together to transduce a spatial cue from
the extracellular matrix to the epithelial
polarization machinery. Through its cyto-
plasmic tail domain,dystroglycan interacts
with the large and diverse Dystrophin-
associated protein complex and the actin
cytoskeleton. In dystroglycan null epithe-Developmental Cellial cells, MRLC is not appropriately local-
ized and fails to become phosphorylated
by AMPK in response to energy stress,
consistent with the possibility that perle-
can and dystroglycan exert their effects
on epithelial polarity by ensuring that
MRLC is localized in amanner that renders
it susceptible to AMPK phosphorylation.
Alternatively, rather than simply being
required for AMPK signaling, the appro-
priately localized dystroglycan-perlecan
complex could also be a consequence
of AMPK signaling, and its AMPK-depen-
dent positioning may be a prerequisite
for subsequent steps in the polarization
cascade. According to this model,
AMPK sends a message from inside the
cell to the exterior through its influence
on the localization of dystroglycan and,
by extension, perlecan. This organizing
influence on the extracellular matrix could
then serve to send an organizing signal
back to the cell interior that would help
to coordinate subsequent steps in the
polarization process (Figure 1). Precisely
this sort of rather rococo paradigm has
been shown to account for the effect of
the small GTPase Rac1 on the polariza-
tion of renal epithelial cells grown in
three-dimensional cultures (O’Brien
et al., 2001). Rac1 is required for the
appropriate organization of basolaterally
secreted laminin in the extracellular
matrix, which is in turn required to initiate
the proper placement and assembly of
the apical plasma membrane domain.
This possibility is consistent with the
previous observation that AMPK is indeed
required for the restriction of dystroglycan
to the basal surface of the basolateral
plasma membrane under conditions of
energy stress (Mirouse et al., 2007). As
we learn more about AMPK signalingl 16, January 20, 2009 ª2009 Elsevier Inc. 1
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PreviewsFigure 1. Where Do AMPK, DG, and MRLC Interact in the Polarization Pathway?
The scheme depicted in (A) corresponds to the model proposed in the accompanying paper by Mirouse et al. (2009). It posits that under conditions of energy
depletion, DG helps to localize MRLC (myosin regulatory light chain) and thus makes it available for phosphorylation by AMPK. The alternative model shown
in (B) suggests that AMPK acts to localize DG, which in turn organizes perlecan in the extracellular matrix, which then sends a polarizing message back into
the cell interior that may facilitate MRLC phosphorylation by AMPK. This model is similar in many respects to the relationship that has been observed between
Rac1 signaling, extracellular matrix components and epithelial polarity (O’Brien et al., 2001).pathways in epithelial polarization, it will
be interesting to see whether the function
of dystroglycan is limited to localizing
MLRC to make it available for AMPK
phosphorylation or whether AMPK
exploits dystroglycan and perlecan in an
inside-outside-in signaling scheme that
is analogous to the Rac1 and laminin rela-
tionship.
AMPK is thought to function as a cellular
energy sensor that protects affected cells
fromdamagedue to energy deprivation by
turning on processes involved in energy
generation and turning off processes
involving energy consumption (Hardie
and Sakamoto, 2006). Since generating
and maintaining epithelial polarity is
clearly an energy-consuming undertaking,
it is perhaps counterintuitive that AMPK
responds to energy depletion by defend-
ing rather than dismantling the polarized
state. This behavior suggests the inter-
esting possibility that, in epithelial cells,
AMPK responds to energy deprivation by
initiating processes that are not limited to
satisfying or reducing the energy needs
of the epithelial cells themselves, but
rather act in the interests of the organism
as a whole. Polarized epithelial cells serve2 Developmental Cell 16, January 20, 2009 ªas intelligent boundaries that prevent the
random diffusion-driven intermixing of an
organism with its environment and that
also mediate the selective import and
export of biologically significant
substances, often in opposition to steep
concentration gradients (Muth and Ca-
plan, 2003). Each of these responsibilities
is critical to a metazoan organism’s exis-
tence. The maintenance of epithelial
polarization in the face of energy depletion
thus represents a selfless act on the part
of the epithelial cells, which respond to
AMPK’s awareness of their own energy
deficits by marshaling their remaining
resources to the performance of their
most fundamental duty, the establishment
and preservation of an organism’s
compositional integrity. The work of Mir-
ouse et al. (2009) brings us a step closer
to understanding how epithelial cells inter-
pret the message sent by AMPK in this
physiologically fascinating fashion.
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